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(54) CARDIOVASCULAR SYSTEM INFORMATION MEASURING SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cardiovascular system 
information measuring system which can non-invasively 
measure the cross-sectional shape of a blood vessel and 
measure an accurate blood pressure in taking pulsation of a 
vascular wall into account and calculate a cardiovascular system 
index. 

SOLUTION: This cardiovascular system information measuring 
system is provided with a group of ultrasonic oscillators 4a and 
4b for detecting simultaneously cross-sectional shapes 3a and 
3b of two blood vessels on an artery, a cross-sectional area 
calculating part 5 for calculating the cross-sectional areas of 
two cross-sections based on the detected cross-sectional 
shapes, a flow rate calculating part 6 for calculating the mean 
flow rate of the blood in the blood vessel based on the 
cross-sectional areas obtd. by the cross-sectional area 
calculating part 5, a pulse speed calculating part 7 for 
calculating the transferring speed of the pulse wave between 
two cross-sections from changes with time of the 
cross-sectional shapes of the blood vessel at two positions, a 
relative blood pressure calculating part 8 for calculating a 
relative blood pressure value using the blood pressure value at a specified time phase as the reference 
based on the blood flow rate and the transferring speed of the pulse wave and an absolute blood pressure 
calculating part 10 for calculating an absolute blood pressure value based on the blood pressure value at 
the specified time phase and the relative blood pressure value. 



J HtJfelfc _J JSSlMf 

j toit -1 ur I 



LEGAL STATUS 

[Date of request for examination] 1 8.06.2004 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 



06.1.20 10:49 



<19>B#SH$!W UP) 



02> & m # Wr ^ #8 «A) 



(ll)«!ttHH&B!S# 

#W¥H -76233 

(43)&HB ¥Jdcll¥(19S9)3Ji23B 



(51)lnta« *DMfB# PI 

A6 1B 8/00 A6 1B 8/00 

5/026 5/02 3 4 0 Z 











(21)WB»^ 


ttBPFS-236383 


(jimmx 


000109543 








<22)aMHB 


^9^(1997)9^ I B 




SESaHR«K«*-#2 TB44S 1 ^ 








^ «ff 








#3«r|»£«±IK*#«r#y' P1500#ifi 
























mumBm±m##*i#s disoosss 














(74) ^SA 


#s±: *» mm 


(54) [s&mo&m 

(57) CS#J] 









3 b*^{cMW-r5«W^8b^fff4 a ,4b i. tfe 




9 

i 



(2) 



1 1 -7 6 23 3 



[4$l*ff!#©S5H] 1 
[ifWOJ 1 ] UjIIR±©*!>& < 4 2 » i?T©lk§<Sjgpr 

^WkS5#S«c «fc *) tfctH 3 tifcfrB^t^KS-^ t, > 
-C. mrffi2*@fOBrfflO«riia*»Hi-rs»fiiBSI»ai# 
Si. 

fttffijettrosjra^t^p e>But e 2 * m ©»?®©ra©iiR&© io 

£8tfI@^l?aT*]IIR&S@3?ai^&4 . 
Wi52ffi&&tii^-&ic <fc 9#fcH3 fiteMOiEai . ffiTIB 

[iff*^2] ftfis^iiscffl^Stt. «rie2 »^fo»fa 20 

<Dmwm<D&fffl&ft 4 MIS 2 * Br©»rflS©H2SS 4 6 . 
folB2 »3f©»rg4jtiiggK:J: 0 Bg4T.fcgg# ©Jfoig© 

36>i5©ffl*m4*3a^j&HiB*s»i or 2 «wfcra 2 

«t#R4*«Aaci*4*«i"J-*«3»Jll«:iail© 30 

[3**314] B?IB»fBS^t^ai^©«. WBMFiMft 
w*r*» €> ©ffl^m#?rlii«<l-^tc^^ 5 

[i**ji 5 ] ttrie 2 ffl{fc^s«. Miaaw^ai^s 

fcf^K:. ®Wfc®«igffiffl*ii<B£or2ffl{fc-r£c<fc 

St^f® 4 -T S i**3i 4 «:ga4S©»JSSt»f8t1-afl'> X r- 

A. 40 

[ DMoi 6 ] m e 2 afb^jstt . SbSoamm 4 
frsaibM©jfiL < g!S©ja:-rftSfcicurStnsggfii*aa3e-r 
48ft^#a*«it-5c4*^a4-r4iii*3a3Kiais© 

«fc 9 tfcHJ3 ft/clfcW©8r®?l2t*;4iiuiBa#i!5©Aii 

^]i{cs-^««»r. saa^©A54*isi4i(riaifii«a© 
acrftat*ai»r s 5 c 4 

rnxmsi jiiL««:is»»ra«a*tti«-siH«ifttt so 



£f*rtr j©w 3 ttfcs^assrtfia-r sa^&^m*© 

4. 

«nEjiii«<omM)Kirjis«*«ta-r4Au&«:. mare 

&© AS^^ISJ 4 tfSOfttfl SKIS or jStfJ&iafil* 

ne or mm&is&m^mfr 6 ©a;*rtf 2 awtr 
S2f&fb#&4; 

©KiB^tsctt^KSrJc^rtijggjis^sta-r 

»a#«4**^*C 4*1W4r *«iWBHW»HW 

fcKBKJ: 9fiiBiliffi£ffliET£gSffi»IE*K&{t*.£ C 
4 *1f« 4 T SS9*lS 3 nm 8 ©t,>-Tft#> 1 ^IfciBJS© 

[3**311 0 ] ftf£2fMb?lll& &WDip<tWK± 
A«ifcJb*W#R*«*.* C 4 4#»iT5 

ira»B3 7bM9 ©i->-rn*> 1 ^K:stg©si8Sts#an-a!J 

im*m 1 1 ] frfBjfaWBLfc^ffi^i2«. jflLW©a_h 
#ifi©^(*^® k itriBjfii« 4^-r i wg-cmsi-? a & 

Miajfli«©ii_hgi5*^a-r •se±«ia^sp 4 «r«^. 5 
c 4 &^®4-r £f***a 1 0 tcia*g©®^st»«itsi-> 

[s**3S 1 2 ] f?fB«»©JSilI^^«. 1nfiHig^&t& 
Hi#S*«fii«- 5«^©a«?82itt^ 4 BmT«cl3g 3 
flt05 C 4*^m4-rSI«^ 1 1 {CgB«8©«3Silt» 

[i**jf 1 3 ] m&mmmtm^mtm&mmmkm 

^Wt 4 £ Jfim.h©«t6: 4- SrKBEg 1/ , ^©WsBS^jfi 
tfcUJ^RK: J: 0 ^ 5 ft sat* * Br ©jfimg©iei® JfctK© 

t©ttta«* 6M^©etaiis?:**e) s flRisaatf-su 

6tc^«^S C 44^844^ 5^*«3 TbM 1 
2©t,vTft*> 1 ^tCiBiECSJagtif^tWJ^^^A. 

jfim©$r®©^t«:«-^ ^raiRJS^itaBT 4 MiSttad^ 

S*fit^.-5C4?:^Si4-rSstjK3l8 7!iSl 3©C>m 
1 ^«:fBig©S^S1««tt«'J^^^A„ 

jft.©©»f®©^t:* : Kffl'r-5^{4«ia#s4. ikm<om 
a#s4iinaiEtin-8'J*m^6»6n/tis*«:s-5^r 
5c44#®4^-si«^8^i 4©i>-rn^i^«: 

[0 00 1 ] 

[^©ii^SSrrfi^R] #ffeWW3NtSSra&e«jfc:£ 
«:©«SgStf ^frtf-S'J-r S C 4 #r ^ SSigStSfSttS 1 ] 



C3) 



1-76233 



•> 7, f A 5 ©"C& 4 . 
[0002] 

[ o o o 3 ] *?c jMroata • jRMaa***^^ io 
ft. 

[0 00 4] 

[fWftWB«U<fc5<J:-rftPia] Y 
^, jfiLSfcBfcsfcJ&ftfcBEXC. -e©SW4©Jfil < ir©»r®ia£ 

«. £K:&:7*JHlr>-C£#©— SSfclBfil.. WfcftftS 
«l^> ; &3!pP>jfiUE : &tfSd-rft^ffi* i <!:.64T,r#f£i. L.*>L/ 

tC«. ^^rffiia-r ft C <!: •? ©fiW*£J*P-3l*3#ffJ 

&ft*Hi«c->-ci»ft. commzM&Tz-fc&tt* ®~ 
EEfctwr ftmw-i -24128 

g|7r;S*vCl,>ft. C<D^S"Ctt. 

AP=pCAv 30 

cc-c, AP : Efi&ik p ■ JlaM&&. 

a v : vmmt C : fsm&M&& 

( (ft) B^mS&^m : 8fMfe£EE«S2. » 1 ». 
U!3:$, 2 4-2 5. *-A*L 1 9 8 8) «cPB?n^tl 

[0 006] Lfcifi^X. ^m.mt±.T^hfcWMiC&^ 

ftC i*i-C*fttiSS^ft«Ji'^-5 i A*S#t-rftC £ 
-C*ft. #&§8©ffe©gW«> *fltt|-CJlll«©»f 

®^tt*n-a«j-c#. jfii«M©aiRa6 i £#sC'-ciE5i^jfiiffi 
-rftct-c&ft. 

[0007] 

[p®*^-rft^»©*-s] -tj£o;fciss£fl¥&u 
ae«j=feafiR-rft/c6i>{c. *%^«:^*5ftSigsff?fiitaj 

>>X^Att t ®m±.<D'J>tj: <±i> 2 ^©Jfil'ffOtBrffi© 50 



jr3f©»rffi©»fffiS*»aiTftBiffl®@ai#s<i:. «rta 

rtojfli^ov^jitrSttiiTftS&ascffi^Si. B?ia»i 
M*tfcm#©K: J; 0 &fcH S titc 2 * 3r©iliLW©»fflJ& 

a^sciH-rftiiRjeitffi^m^Si. ttriaisfeasttti^stc 

ftl5iB^5e©^B«C*iWftjfiUEfii<!:t?rfetBMjflJE<B<!:K: 

Mtrse £4^£ 

[0008] c<D^micmt>im^s\mm}iiy 

ffi©»rp|fflBHim^<i:Mia2 *3f©»r®©KiB£* i 

riB 2 » Bf ©KlBjflMHHC «fc 0 H * ttfcgiS#©Jfo. 
v£tD^r^ji*&Wf r ftc t*&®.£ urw^ft. */c> 
C©^K^toftfliiSStt#Sit9J">^^A{C*jl,»-C. wT 

i/t 2 «tr ft 2 «{b^©£ 

4c4t«lil/t<r>4. 

[0 00 9] 35 fc. c©^W«:^*>ftffi3SStf^itS1^ 

sssKjurrscitWRturi.**. c©« 
W«:flito*«i«llMBtHH^*'A«:*iv»'C. ltrfB2ffl 

<a* bub i l r 2 ffitf b-r ft c t t o x c > ft . 

[0010] *te. c©»W«c^toftflBd»t»«StiBas / 
^fAKtet,^. fjfB2fii{t^©« > ffiW^©AS^lSl 

■Tfti95e#©*fiJitftC<!:*4#aiOr^S. *?t. C 
©^W{c^fcftSlSSmi8ftiWi'^^ACC*Jt>-C. gate 



a?s#a%s6«:flijtftc«t*isaiL.-c«,»ft. 

[ooi l ] tffc. ^BJtc^toft^Stt^itS'Ji'^ 

?-a«. ifiL^tctfiiwcefrig^stst-rfte^iSScM^s 

H?iEJfil'g© , gS©Bi®}eW«:»li3"3"ftfc«i>K: > 1ft 



5 

[0012] ttc. CO^HJtC^fc-SSiggtSatWJ^ 
^fA(ctol,>T, UfB2fiHt*©tt. jfiL<g©iR*8£>*i,> 

[0013] C©|£9!K:<fcfc>*flSK§tif#8iii8 l JS<' 
[0014] C<D^(C^*3.S»KSt»IBtfill-> 

[0015] $?c. CO^K^iS^StSafWJv' 
jliL*<D»rffl©SHfe**Wrt- •5^(4^m#S t , Jfil«©^ 

[0016] 

i ©hjsj&js) s i »*^w©«J8sttf8ttaO">^ 
i ©fu&j&isi btrcjfliHSJ^s©^*^ 

[ 0 0 1 7 ] 0 1 fC^T <fc ^tC. JflLWIfMflliRJMS 1 » 
|BJ— CDifo.<g 2 ©ifiS 1/ fc 2 j£©jffl«jgtffll« 3a, 3 b 

^tsm-n>fc«><D& : msMWf-4, a. 4b#>p>8tj£$ft 

•5. JR*3 tifcBrJf «4 a , 4 b telfiL^BrMSIiaiSJ 5 

tceasn. ^©Kfflcfflwsas^fcoi^n^. jfo. 



0 «H¥ 1 1 -76 23 3 

6 

3|W>*. iWM5«ai»«H»7tt. 2£Ra©8iffiS©f$ 
P^t©tttBM*>e>M&£a^& Jfc»a»lH 

[0018] 

P-PO=pC0v+ (1/8) p v J 
CCt, P : Jfilffi. P0=&ffijfoJE (fcSSJWjfilJE) . 
xo p : ifilM©Jtfi. C 0 : t£&mj£$a<DMit£.&$8&&.* 
v : jflL'g©»fMF*q©^^Rj£ji-C**. ±iB©5£tC<fcfK 

4^KJaW4jlilJE©*ftjitfiW«Jfiia»ttia{l 0K&6 

[0019] m2fc!h^mmfcmm<Dmfis.zm-?<, m 

^mm^m 4 attain 6 an. 4 bttbl* 

6bn©-en-enn{l (nttSSSSO ©fi^?S^S6^-"C^ 

^•Sti^ 4a©al*>6©^ffitfttM2 ICfoVX&SiZ 

n, ttMS* i*-cs*t l tcmntfim—^M^j^ £->x 

tfctHStl*. C©^©lM^*al*P6an*ri&WSC£ 
CCfcf). a^»i)i^3a3!ilt#6n-5. S&BIRBfJf & 3 a# 
f§e>ft7t&. »IIR»rBI«3a%S?t©il5«©»^**s 
C 5 C £ (C«fc <3 firMBf®^4 b=Sr^*. 
[0020] CCt?«©#©?tJ&. al.a2,-".an 

eW^ir^Sira^. «»<@©^S6^«:J:5t-A7 
[0 02 1 ] ttMKJl^JK^-rS^KlMU-Cti. ft 

mxum^wmmi-mAa.X'mm&ifi&btxtc'&ic. m 

#atSabTSf4b-cKe«*t#fc*s < »rl«*»SC4 
40 as-Ctf^ESO. K)l^ ; S:l5l^«:*«)-Cfe«fcl>L/. KUffe 
©JR^W?. SSb^Sf©^. KISO^K'ii'O^ff* 5 

^^©ffi^tC&L-tt^RaO. ffi«©<B«:^-rsci 

[0022] mbtitcmmi§i4 &. 4 bit. mmmmm 

@fflgiJ5«:ea3n-5. llSttjfillrtSrMSgLtti^©** 

so y 1 1 a. 1 1 bccgx.en-c^-5. c©a^=&2«i{fc 



(5) 



■C*4/ca>. ^W-(>V-#>X<Dmtifi'J>?J:< . sat 

=&so») s-cra^trsig^ ifiLSgijiiiertgisi©^ 
unfit* & 4. coDttM'&fijfflLr. asFggHBSrgafii 

U -eti«T©fe©*M> 9 ig<g©|Sgg3fil 

& (2<nt*as) =&tf^r^. c©2<gMt*&a»> mmm 

[002 3 ] 2 MtiaSfc J: -a rifil«rtg|5^ll< tmih $ 

3igSe«JK:*a>-5 C £ (C «fc 0 . jfll'gODBrM^ttOKSFra^t: 

fc. MfEiI#tl}gB6 r«. m&fflsXfrU 4 a , 4 b (C 20 
.fcoTjflL'gOWr® 1 4 a , 1 4 b©»?M!S (^raMiS£ 
tfcK^fr-Sa'JST 5 -^) Sa(t) ,Sb(t> * 

a s/a t + a (vs)/3x=o 

*itS»)AZ:o 0 (DSC*'?,. 

a (vs)/3x = -a s/a t 
•r-5£. « 

= 0 



*g>, *© a*. 

[0 02 4] 

[»1] 



i 1 -7 6 23 3 

8 

b .-sec tew s mm rto^ifc 



V = 



s b(t) - s *(t) 

s b (t) - s a(t) 



Jimv(x, t)= 



[0025] CCC, LteA.££B.£©IKI©g8f{C«fcO 

jfca&s. ia#©±© r • j », ^rags^s^-r. 
ifch-cte. jfo«©*@;/j|ft©&K^I5^IE;fc£3E«:ftS*Ji 

[ 0 0 2 6 ] m 5 tcm 1 &7&*7 s .>U©&«3fc*^-r. c 

c-cflis©«3*«x#£ri. asfcjflLSowmR^s 

(x,t) Bir&©«J5&5 <2»?S) ©<aa*x 

= x 1 ,x = x2it5 (xl<x2) . Sto-C. X2**T 
S8»T?*£. x = 0«. ^©^WSPi^S 

(l> 

(2) 

[0 02 7] 
[&2] 



[002 8] r&o, 

[0029] 

[83] 



30* [0 03 0] #WI!g©ffir&£ C 
[0 03 1 ] 
[»4] 



Aim s (x, t) 

X— 00 



VS = -J 

v=-H 



oo gs 

x a* 

oo as 

x at 



dx 



dx 



(3) 



[0 032] £&£„ jj&fiQ (x ,t ) tt. v ,S©^II-A-40A-<J:»3. 



Q (x,t) =v (x.t) S (x,t) 



(4) 



(3) 3££ttAOT\ 



[0033] 
[»5] 

Q(x,t)« J " -§7 dx 



(5) 



[0 034] 
iSSQ (xl. t ) «. 
[003 5] 
[»6] 



(5) 5£J:9. x = xlfC*iW^ 



J xi at J x t at 



(6) 



50 



[0 03 6] btez. T%teW)<Di3$U:*)mi.>&fmtl, 

■c. $mufm,>mn\&. Bunco ,T]fc-it5i. ^ 
©»ira-C'tt*-^<i: #&t»-5©-C. 



9 

x2^x<» , O^t^T 

r. siJxWBiscc*^. ea^-c, (5) zxomz 

[003 7] 
[«7 3 

[--fg-cU-O (7) 
i xt at 



x,at * 

S (x,t) = (x+a) f (t) 

CCt, ali^& 

[0 04 1 ] 
[«9] 



(6) fciM* 1 1 -76 23 3 

10 

* [0 03 8] i.t£i. J^T. 
[0 03 9] 
(88] 

[0 04 0] ttti, EM[xl,x2]<DraFiAi+^/h$ 

ma £ tc tt#is^> -c $> a *» e> . 

(9) 

10585 [0 044] ifc-S. (4)5£<fc«3. 

v (xl,t ) =Q (xl,t)/S (xl.t) 

CCDSiC (9 ) 5£> (11) 5££ttAtv 

•c. 



-§|=(x+a)F(t) 



(10) 



[0 04 5] 
[»1 1 3 . 



[0042] (10)S% (8)5£KfUU 

•c. 

[0043] 
[S103 

Q(x,,t)= f(t)J**(x+a)dx 

«f(t) li*+**f x ] 

= f (0 (x a - x.) |-^(x, + xj) +a| ( 1 0 



20 



f(t) (x a -x0^0c^ + X2+2a) 



v (x, . t) = 



(x, + a)f(t) 

[0 04 6 ] £&-2>. xi,x2tcit^r, x2-xiti+ ★ ★^3i»©r > 

xl+x2+2a i ?2 (xl+a) 
iifiiK-C^S/cfe. (12) 5$». A [$fc 1 2 ] 

[0047] -to 

f(0 



v (x, . t) = 



f(t) 



<*i- x,) 



[0 04 8] <tfc*„ 

(14)5£tt. 

(0 04 9 3 



L = x2-xl 



♦ mi 3) 



v(x 1 .t) = 4fL 

[0 05 0] itt*. (9) iCJrO. 

S (xl.t) = (xl+a) f (t) 
S (x2,t) = (x2+a) f (t) 

±5£<DM=& <!: S £ . 

S (x2,t) -S (xi.t) =f (t) L 

S (xl.t) =Sa (t ) 
S (x2,t) =Sb (t) 



(12) 



(1 3) 



(14) 



(15) 



(16) 



(17) 
(18) 

(19) 

(2 0) 
(2 1) 



(7} 



U 



ftffl¥- 1 1 -76 23 3 
12 



-C&Zfrii, (20)S, (2 1 ) 5££ ( 1 9) S&Cft* 
Sb(t) -Sa(t) =f (t) 
££■5. (2 2) SC%ffl2*»0"C. 

[005 1] 

[«14] 

s b (t) - Sa(0 = f(t)L (23) 



L 

58 [0 052] 
(16) 5$«. 
[0053] 
(81 5] 



(22) 
(2 2)S. 



(2 3) 5£<fc»). 



(X, ' 0= s b(t) .s a(t) 



[0054] (24) 5$K:J:>J. x = xltcte 

W£^S&52#3fc66ft/c. x = xxc©jjfESQ 
(xi,t)«. (4)5$<fci). 
[0 05 5] 
[S!16] 



Q(x„t)= s a (t) 



s b(t) - s a (t) f 



s b(t) - s a(t) 

[0056] 04 KinT «fc 5 ^^©JfilWCCte 

tvctt. i£Sll 5 a. 1 5 bO-t-S&JfcKSrio-ri,** 20 

t, 2BrMa©iE& ; &J§<-rS:*i£. fcit^iiSWStfg 
[0057] M?!ge»3iS^aiSP7-e(J, A.£. B.-5-C 

£.czmmm<ov$fai$£it<Dmimti (mam) t-c. 

A.£. B.£Ra©^g£$!JS C.!:CCJ:»K 30 
C0=L/T 

iL-C)0Rj!5«BiI«CO*^»S, JfcEaWfc»H»8T 

t*. 

P-P0=pC0v+ (1/8) pv 1 

cc. easn/tSKS. m££&j&&£Rat-5<, c©s 

«. (WMSJi, t£#3?Ae> : "«M*©M&©#« 
HUf . BJ8VF&£ttX4*. US. 3-^. 180- 

18 9. i 9 7 3) (cfajssmr^s. 

[0 0 5 8 3 &.±<DmmiCJ:') . S*»JIi!l5ggP9 ftfe. 
n/c^tB<DJflUEffl=S:7C«:jfllIEgcUiSPl 0 r jSMttKifoE 40 

«4 LT. #75£gSbjfillIft (*5B#fi8l*}©]filffi£ 1 EI 

«wmbst z> i Mm) ^ i-K«t o ©<gjftiEE** 6* & 

{SJfeBEKH'&'r. l5j-B^Jr©EE^ffi£-g-©<i£©jfilli 
[005 9] SHi3nfcJfilEffi««ffl#©^5«:j£i; 



(24) 

eatasaaMfc^ 4 a ,4 b35i^<iL/fcm-^?:®«M 

JIKhP4 a ,4 b*6ffl# 3 nfc3Hf 

[0060] (Jff 2 ©H»<&) J» 1 OXflfflSflTCK. 
JMMfflnmf&S5tt&«m<DMf|-C2tffl:U jfa* 

-c«c©;#aiciKe»ttt,>. 06lifitifiMtjfcfoS 
BB 1 6©RHS4jnOTt>-5. C©0&C7jVr «fc 5tc. jfiLlr 
©tfi^ttJitc * S cmSS ©SBW&tflSfr?-*' £fStt £ ti 

•5®t8Hijfirffa©«*wc*f oxm&tcxsi-r s tot>. 

9imhci*. e#sse-A©cp.i:^#*!jfii , ^©^K:isc> 
[oo6i] ^©^©iSJiJcA-SQiftBcawaas 

toT--r©jSS=fift©fSfi3W. 06 (b) -C7jVrfl£t*T?*-5 

<t-rs. jftmncwj&raaj^j^Ya. Ybt*o. y 

k©gP^-*5>'^X-C*S«i;T-&. C©t§^\ jfiDL^fM* ^ 

[006 2] LfrLZtfrti. 06 ( o ) TBfflWifflStt 
T-*ijfilBf©it»^©aJbCCtt«,^J&. j&^©isp^©sa* 

^©^K*ifi<. ±i£©sffla2«:^Lr*j6r. mm 

ifia-ifrha 3©lffl©ffi-e& Wft tf 6 ft l> <t t » 5 W®* 1 
£0. ^X©&St&-£-K:tt. HJE©Hffl*ffil,>fc2ffl 

[ o o 6 3 ] 0 7 ii*xM0iaft(c*<* •5ifii i gKffim#a 

»WlffiiStHTi5. ifiL-gKi^WSP 1 8«. 
i'wjft^j&'gwigJitc^-Trt^^t^a-ra. 08 tc 



13 

U3nS = ^-^-CCttjSWi&HfitrFSfS c ©**,** S 
t, > tt-?-©tt2tC * S fiShF J: 0 f# 6 ft fcil^j&siiaiCD 
£"<9SI5#fci^3nTV>Sfr£f§l^T^-#2 2#* 
^Sntfc"), »f^iC©V-*2 2Kjfil'lrfli© c t 1 <l> 

n/cjfll^2 3a*s > Sfc-TSjflie«2 
3 b©<ftgCC3fc£<fc5 K^P-^crXftg^iS^b^iLfc 

n/cf=-f*«. iE^&iiJibTf¥©£'©J§sb^p£f#6ft io 

tc?- 2 y U-2*jt*:<) 17 (DTVlsXJz 

9H-»U IMi^b2fflHbgB2 0 MBXtt 
2 tf < bSB 2 0 « ±3$<Dgy?g|S*P 6 tffcfc 3 ft S 7 s - * K «fc 

[0 0 6 4] Hfi®!{t2fflMfc»2 0«:J:0S«3nSH 

SS^ ttttjEBfco W 5Ci tt#3S?B©«g (CST £ © 
-rttttt*. «6lUL//cjfli l SS*e.. MMias. jfiiW 20 
rt^Sr. ^^^©iSP.g^bfre.jfreW^'** 

[0 0 6 5] jfsetJEWsu uimMbcDiB 

&£$ft£Bli^£ii^&**aD*:^*m-r. 09ttM 
j6«KME**0*IBI©Hli«IB (a) &C«§e>ft*Sae 
(b) *SHW4H-C*4. jB«iffiStt?W«»KLK 

H«> 6 W6 ftfclK JS&*> e. 2t^J6»JB©±iB©#^«: <fc 
•3. KMS****. f#6nfcK»(i, 09 (b) tciS 
TJ:5JC. IRI»*SKl/fcig3Bi&-5>. 2o©K®«3 30 
a. 3 b K*6ft*»r^£lt©l$rH]SIft (fflfBS) * 
ti«i. M&{^SgCiiC = L/T-C5fc«>-2>C£ 

#t?*s. ant. m^Bmmmitmmjsmtfmm.m(D 

RH1M«C±0. Jfctf) 6*1-5*5, |B»)llRiaM6K©lfflCC|? 
^£T^r©]fc^©^b&£5Sfcl/fcfc<£>-C;&£. S£ 

■sci anutt & a 0 . H»i£{b©iitT am^fcUHKO^ 
•&t£ E<D «fc 0 BfBlttttBrtf ^IfiB £ *. 
[0 0 66] **c. 09(b) <D&mm3 a©K®m© 
3£fl:©HttTi*6. -&$>tc*)K.&nLtcMtemRR 40 
=&RR= 6 0/-cii(,^gSSS-C3jc«&SC£*i-C# 
-5. 2-5©»rgft3a, 3 b fre>jfil.iJfcfi-?>»r® 

Jj&ltm 1 ©HJS^t?gE(C^fc 0 JfnJ3Eft$ l J& 

•**«#^*>*s £ . s e.cceswtcifii 1 *©?*^** 

Ep= AP/ (Ar/r ) 

•C5Em3nrU>5. C©*gS*#P3 ;s l 1 4-3 29 93 8 50 



1 1 -76233 

14 

|g©IlRl!jiIKfc £'. JtffiL./cjfil'gS©»rffiJ&«©^ia^ 
f b*> * ft®R&©t£f8^#-5 C £ im^TQ * s £ # 

[0 06 7] (03 ©HJS^SI) W2 ©JlJS^SSCCfet,^ 

^©ii-bfr^-rSCifcoJfig-r*^. 2fcggiSJBSS-C 
». ®E^*fflt^cflth^m©^=Sr^T„ 0 1 0 
it. j6L©2©*^***S/c*©®H^^S¥©e{^fi£ 
*m-TI§|-C*S. ®QE^P3 1 **7^©Jf)E^-CJ¥ 
LjMfC£T?. jfim^EB&U 0©«fc5ic¥il«:^;* 
■e-SCi-C. EttE#!®IEESB^3 lCcfcfcS. 
E^©^ ; &^-rS|5^ ; &Jfil'g©ilJi£-rS. 
[0 06 8 ] CCTB, £*>SE;t>©&Affi ; &££8|5# 
*SLh£L/t*s. cftttHifiSc, Jfill;©{4S 
&£'{C«fco-C*>mc£©r. i£±©3plBr*^T*ffi%* 
frtCtti;T:3^-rSC<J:«. ffi^-C4>-2>. 01 l«±fB 
©tt±^ffi^lS©1tfiS©— FH^r^TS-C&S. e#SJi 
Bthff¥4 e £SiBgT-ff 3 1 4W(cEgLtl,^. * 

■r. jfiL^^n-auT-sfJK:. )SE^P3 1 
ji-e&totcm l o« . ffigy&fc t £ «:®ffi*^sf 3 1 © 

£-©ff#3S : ?-#. jfiilfCil-htc^i^^WS-r-S. C© 
BLh©f(JS«Jfil«©SlRt&K:J:or^ra^bT5S)E^^ 
^©H^^ib^U. to£feA#<*SJSH^^€ria 
±£-T-S. B_h-C*>4£$n/c®II^^K:i5SU-CI<^ 

[0 06 9] 02©HJ©^.1§K:*Jl,»-C« > jS«ig©ASt 

At*ft©* (/c£^.«Af*^©iES£©tbMRI^T?© 
-rggffi#^3ftS£|^b-Cl,>.5fc©-Cte&^. 
SffiKl^^6nse^©?*«{c*fO-C. A 
St«*H-^TS C £ *s^g©fllsSLbWm-CBS8l-C*SJg 
^tc«. jfii«©it±©fi#igJi^(c «fc 0 Sfi? nfciB 

^S<t^>!P6^S^«a5^=&AStft0K£S«L^ Cft 
£Sm£L>T. ^©JgKH^^e^ft^KSeor. 

a«£-5C£fcBj68-C*S. ia-5t^3:|S@0f 
©A«ft ©titfR©*** IM? ■& £ »r» 9 mmmti:Jf&*m 
C>5C£fe> ^#6^©®fflrt-C*5„ 
[ 0 0 7 0 ] 0 1 2 «g3fii©t9:3£©^«:^UA:0-C* 
012 (a) -C«gLh©Jft.'^SI5^©l8fii ; Sr/3 1 £ 
U iteWcggfii?r^fb3#. a±*>6 r afcVMtltc. 
£ C 6©l9fii*i /3 2 £ & 4 J: 5 (Clifii^S b"C 



IS 

■503*^^*^0 UiX, 012 (b) TB3 4at 

3 4 br^TJ:5ccJK$§ori>st§£K«£J^D<J:5K: 
A^tca, >bW!m. i£5§. JR 

[007 1 ] fc*>\ ±§B©J: 5 «:gg<S*Attft«:tc:«cr 10 

*c»«:iftMtoHffl©swi:fii«*tt*. * u ^ - 

±<DifoWtK®©2<B{tiIi«*Jlft#6. ifii'glga* tit 

[0 072] W±OSIiS^^C^L-fc«j:^ CC. Jfil«©t* 
©{CjtvCrfiiWttHfiBiSSr S C <b <fc 0 . S&MOJfo. 

gtcKL SCARS'). tttrabS. 

^ 2 ©BitB^ffiiffifc: tB^3T * C £ «##693©ffiH-C* 5 
[0073] 



[02 ] 




C9) 1 1 -7623 3 

16 

iwBowsmtomn 

mi] xzmommmimtm^zf j*<omi ©*ss 

[02] JfiL@»riB«iR^gP©1tfiS £^tT0-c * i . 
[03] jfa'gKfffiS^fflgpoDltfiE^L/cia-C**. 

[04] jfim©— gp=&li£At/-r^L./c«^;0-r*s. 

[05] !gl^*f t ;KD0iS^^-r0'C*-2). 
[06] jg#&fa^£lfo1i©iiffi©IJI^£'nl'fc0'C* 
*. 

[07] i?l2©^0®KteW£iMWSrffiSliaiSP©8l 
BS^*7n-r0-C**. 

[08] ifrSriILt&fflgP©1»J£*7Kr0-C*£. 

[09] Mjgeteiis**»i>/c»<D«^7n-r0-c& 

[010] Jfc»©*&*J|t»afc*©«EamS©*W 
[011] jfii'S©a±^ffi#S©«fi£©-09 ; &^t-0-C 
[012] g!ffi©f83£©0<IS:^LA:0-C&-5. 

[^©taw] 

1 Mtmm**m& 

2 jfc* 

3 a . 3 b m^i&m m® 

4 a, 4 b ffi#j&}Igfr??* 
[04] 




1 1-76233 



[H13 



[05] 



1 &Gmm<svLm& 




1.0 



17 



18 




20 



-7 V-U 


















am* 







19 



[Oil] 

IE 



1U' 



11b' 



[03] 



12 





o 





















13 



d 



1 — 

2 BR 



3 



(11) 



1 1 -7623 3 



[136] 

f ft) (O 





C 2 


C 3 




C - 










ft* 


&£ 




















«1 «J «1 


<r ( ff, o, 




3a 3b 



<b) 



BfffiS 



21 



3b 



(12) ftmV 1 1 -7 6 233 

[HI 0] 





ft** <*, 2***) 








^-31 fcffSHHfr 




— „ „„„ *> 



[HI 2 1 

(a) 
















i- 


ZVZZ..... 












^ - 


1 






34b >, , 2 





Searching PAJ 

^ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 1 1 -076233 

(43)Date of publication of application : 23.03.1999 



(51)Int.CI. 




A61B 8/00 
A61B 5/026 




(21)Application number 


09-236363 


(71)Applicant 


: TERUMO CORP 


(22)Date of filing : 


01.09.1997 


(72)Inventor : 


HANIYU YOSHIYUKI 








YAEGASHI MITSUTOSHI 



(54) CARDIOVASCULAR SYSTEM INFORMATION MEASURING SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cardiovascular 
system information measuring system which can non-invasively 
measure the cross-sectional shape of a blood vessel and 
measure an accurate blood pressure in taking pulsation of a 
vascular wall into account and calculate a cardiovascular 
system index. 

SOLUTION: This cardiovascular system information measuring 
system is provided with a group of ultrasonic oscillators 4a and 
4b for detecting simultaneously cross-sectional shapes 3a and 
3b of two blood vessels on an artery, a cross-sectional area 
calculating part 5 for calculating the cross-sectional areas of 
two cross-sections based on the detected cross-sectional 
shapes, a flow rate calculating part 6 for calculating the mean 
flow rate of the blood in the blood vessel based on the cross- 
sectional areas obtd. by the cross-sectional area calculating 
part 5, a pulse speed calculating part 7 for calculating the 
transferring speed of the pulse wave between two cross- 
sections from changes with time of the cross-sectional shapes 
of the blood vessel at two positions, a relative blood pressure 
calculating part 8 for calculating a relative blood pressure value using the blood pressure value at a 
specified time phase as the reference based on the blood flow rate and the transferring speed of the 
pulse wave and an absolute blood pressure calculating part 10 for calculating an absolute blood 
pressure value based on the blood pressure value at the specified time phase and the relative blood 
pressure value. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A cross-section configuration detection means to detect simultaneously the configuration of the 
cross section of at least two blood vessels on an artery, A cross-section calculation means to compute the 
cross section of said two cross sections based on the cross-section configuration detected by this cross- 
section configuration detection means, A rate-of-flow calculation means to compute the mean velocity of 
the blood in a blood vessel based on the cross section called for by said cross-section calculation means, A 
pulse-wave- velocity calculation means to compute the velocity of propagation of the pulse wave between 
said two cross sections from time amount change of the cross-section configuration of two blood vessels 
detected by said cross-section configuration detection means, A relative blood-pressure calculation means to 
compute the relative blood-pressure value on the basis of the blood-pressure value in the specific tense 
based on the rate of flow of the blood computed by said rate-of-flow calculation means, and the velocity of 
propagation of the pulse wave computed by said pulse-wave-velocity calculation means, The circulatory 
organ information instrumentation system characterized by providing an absolute blood-pressure calculation 
means to compute a blood-pressure value absolutely, based on the blood-pressure value in said specific 
tense used as the criteria measured beforehand, and said relative blood-pressure value. 
[Claim 2] Said rate-of-flow calculation means is a circulatory organ information instrumentation system 
according to claim 1 characterized by computing the mean velocity of the blood of the part surrounded with 
said two cross sections and blood vessel wall from the time amount differential of the cross section of said 
two cross sections, and the distance of said two cross sections. 

[Claim 3] Said cross-section configuration detection means is a circulatory-organ information 
instrumentation system according to claim 1 characterized by to have an acoustic emission means to emit a 
supersonic wave towards said artery, an ultrasonic detection means detect the supersonic wave reflected in 
the living body, and a binary-ized means make binary the output signal from said ultrasonic detection means 
on the basis of a suitable threshold in order to extract the cross-section configuration of the tube wall of said 
artery. 

[Claim 4] Said cross-section configuration detection means is a circulatory organ information 
instrumentation system according to claim 3 characterized by providing further a conversion means to 
change the output signal from said ultrasonic detection means into a picture signal. 

[Claim 5] Said binary-ized means is a circulatory organ information instrumentation system according to 
claim 4 characterized by making it binary, using a suitable image concentration value as a threshold after 
changing the output signal from said ultrasonic detection means into a picture signal with said conversion 
means. 

[Claim 6] Said binary-ized means is a circulatory organ information instrumentation system according to 
claim 3 characterized by having a setting-out means to set up said threshold according to the include angle 
which the direction of incidence of a supersonic wave and the blood vessel wall of said artery make. 
[Claim 7] Said binary-ized means is a circulatory organ information instrumentation system according to 
claim 6 characterized by having further an operation means to calculate the include angle which the 
direction of incidence of this supersonic wave and said blood vessel wall make, based on the cross-section 
configuration of the blood vessel detected by said cross-section configuration detection means, and the 
direction of incidence of said supersonic wave. 

[Claim 8] In order to extract the cross-section configurations of an acoustic emission means to emit a 
supersonic wave towards a blood vessel, an ultrasonic detection means to detect the supersonic wave 
reflected in the living body, and the tube wall of said blood vessel A binary-ized means to set up a suitable 
threshold according to the include angle which the direction of incidence of said supersonic wave and a 
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blood vessel wall make, and to make binary the output signal from said ultrasonic detection means, The 
circulatory organ information instrumentation system characterized by providing an index calculation means 
to compute a circulatory organ index based on the information on the cross-section configuration of the 
blood vessel obtained from the information made binary by this binary-ized means. 

[Claim 9] Said binary-ized means is a circulatory organ information instrumentation system given in claim 3 
characterized by having a threshold amendment means to amend said threshold by contraction or an escape 
of a blood vessel thru/or any 1 term of 8. 

[Claim 10] Said binary-ized means is a circulatory organ information instrumentation system given in claim 
3 characterized by having a blood vessel right above detection means to detect right above [ of the core of a 
blood vessel ] thru/or any 1 term of 9. 

[Claim 11] Said blood vessel right above detection means is a circulatory organ information instrumentation 
system according to claim 1 0 characterized by having two or more pressure sensitive devices which contact 
the living body front face near right above [ of a blood vessel ] in the condition of intersecting said blood 
vessel, and the right above detection processing section which detects the right above section of said blood 
vessel from the pulse wave detected by this pressure sensitive device. 

[Claim 12] Said two or more pressure sensitive devices are circulatory organ information instrumentation 
systems according to claim 1 1 characterized by being arranged at two or more ultrasonic vibrators which 
constitute said ultrasonic detection means, and abbreviation parallel. 

[Claim 13] A circulatory organ information instrumentation system given in claim 3 characterized by 
providing further a pulse- wave- velocity measurement means to ask for the velocity of propagation of a pulse 
wave from the phase contrast of change of the cross-section configuration of two or more blood vessel walls 
which arrange said acoustic emission means and said ultrasonic detection means to two or more [ on a blood 
vessel ], and are acquired by said two or more ultrasonic detection means thru/or any 1 term of 12. 
[Claim 14] Said index calculation means is a circulatory organ information instrumentation system given in 
claim 8 characterized by having a pulse wave measurement means to measure a pulse wave based on change 
of the cross section of the diameter of a blood vessel, or a blood vessel thru/or any 1 term of 13. 
[Claim 15] the variation rate to which said index calculation means detects change of the cross section of the 
diameter of a blood vessel, or a blood vessel — a detection means, a pressure measurement means measure 
the pressure concerning the wall surface of a blood vessel, and said variation rate — the dynamic 
viscoelasticity of a blood vessel computes based on the result obtained from the detection means and said 
pressure measurement means - dynamic - description - a circulatory-organ information instrumentation 
system given in claim 8 characterized by to have a calculation means thru/or any 1 term of 14. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the circulatory organ information instrumentation system 
which can measure a living body's circulatory organ information continuously by non-invasion. 
[0002] 

[Description of the Prior Art] Conventionally, many indexes, such as viscoelasticity by the blood stream and 
escape / contraction rate of a blood vessel, are used as a circulatory organ index for grasping the condition of 
a patient's circulatory organ. As measurement of a blood stream, a supersonic wave is irradiated to a living 
body's blood vessel, it asks for a flow velocity using the Doppler signal produced by the blood flow, and the 
method of calculating a blood stream is learned from relation with the cross section of a blood vessel. 
[0003] Moreover, the optical flow method for asking for a velocity vector as an approach of finding escape / 
contraction rate of a blood vessel, using the brightness inclination of the continuous image data is used. 
[0004] 

[Problem(s) to be Solved by the Invention] However, when asking for a flow velocity using a Doppler signal 
and calculating a blood stream, in order to calculate a blood stream, a technique which computes the cross 
section of the blood vessel of the part easily and continuously was desired. Moreover, in the above- 
mentioned optical flow method, there was a complicated trouble that count was needed serially. 
[0005] Moreover, conventionally, some living bodies were mainly pressed, using a cuff as an approach of 
measuring blood pressure, and the approach of measuring blood pressure has been taken from the oscillation 
obtained or the sound. However, in measuring blood pressure over several days, such as after an operation, 
it is a remarkable mental and corporal burden to press a living body. In order to solve this problem, the 
approach of measuring the velocity of propagation of the pulse wave which spreads the inside of a blood 
vessel with a supersonic wave, and measuring blood pressure is indicated by JP,7-241288,A. this approach - 
- deltaP=rhoCdeltav — here — deltaP:pressure variation The rho:blood consistency deltav:rate-of-flow 
change C: — pulse wave velocity — it is asking for blood pressure using the theoretical formula, this 
theoretical formula — (— : edited one by the Japan Hydraulics and Pneumatics Society — it is indicated by a 
new edition oil pneumatics handbook, the 1st piece, Chapter 3, 24-25, Ohm-Sha, and 1988). However, this 
theoretical formula is a formula which assumed that there was no change to a blood vessel wall, and had the 
trouble that the effect of a tube wall was not taken into consideration. 

[0006] Therefore, it is offering the circulatory organ information instrumentation system which this 
invention's can be made in view of the technical problem mentioned above, and the object's can measure the 
cross-section configuration of a blood vessel by non-invasion, and can compute a circulatory organ index 
based on it. Moreover, other objects of this invention are offering the circulatory organ information 
instrumentation system which can measure the cross-section configuration of a blood vessel by non- 
invasion, and can measure exact blood pressure in consideration of pulsation of a blood vessel wall. 
[0007] 

[Means for Solving the Problem] In order to solve the technical problem mentioned above and to attain the 
object, the circulatory organ information instrumentation system concerning this invention A cross-section 
configuration detection means to detect simultaneously the configuration of the cross section of at least two 
blood vessels on an artery, A cross-section calculation means to compute the cross section of said two cross 
sections based on the cross-section configuration detected by this cross-section configuration detection 
means, A rate-of-flow calculation means to compute the mean velocity of the blood in a blood vessel based 
on the cross section called for by said cross-section calculation means, A pulse-wave-velocity calculation 
means to compute the velocity of propagation of the pulse wave between said two cross sections from time 
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amount change of the cross-section configuration of two blood vessels detected by said cross-section 
configuration detection means, A relative blood-pressure calculation means to compute the relative blood- 
pressure value on the basis of the blood-pressure value in the specific tense based on the rate of flow of the 
blood computed by said rate-of-flow calculation means, and the velocity of propagation of the pulse wave 
computed by said pulse- wave- velocity calculation means, It is characterized by providing an absolute blood- 
pressure calculation means to compute a blood-pressure value absolutely, based on the blood-pressure value 
in said specific tense used as the criteria measured beforehand, and said relative blood-pressure value. 
[0008] Moreover, in the circulatory organ information instrumentation system concerning this invention, 
said rate-of-flow calculation means is characterized by computing the mean velocity of the blood of the part 
surrounded with said two cross sections and blood vessel wall from the time amount differential of the cross 
section of said two cross sections, and the distance of said two cross sections. Moreover, said cross-section 
configuration detection means is characterized in the circulatory-organ information instrumentation system 
concerning this invention by to have an acoustic-emission means emit a supersonic wave towards said 
artery, an ultrasonic detection means detect the supersonic wave reflected in the living body, and a binary- 
ized means make binary the output signal from said ultrasonic detection means on the basis of a suitable 
threshold in order to extract the cross-section configuration of the tube wall of said artery. 
[0009] Moreover, in the circulatory organ information instrumentation system concerning this invention, 
said cross-section configuration detection means is characterized by providing further a conversion means to 
change the output signal from said ultrasonic detection means into a picture signal. Moreover, in the 
circulatory organ information instrumentation system concerning this invention, after said binary-ized 
means changes the output signal from said ultrasonic detection means into a picture signal with said 
conversion means, it is characterized by making it binary, using a suitable image concentration value as a 
threshold. 

[0010] Moreover, in the circulatory organ information instrumentation system concerning this invention, 
said binary-ized means is characterized by having a setting-out means to set up said threshold according to 
the include angle which the direction of incidence of a supersonic wave and the blood vessel wall of said 
artery make. Moreover, in the circulatory organ information instrumentation system concerning this 
invention, said binary-ized means is characterized by having further an operation means to calculate the 
include angle which the direction of incidence of this supersonic wave and said blood vessel wall make, 
based on the cross-section configuration of the blood vessel detected by said cross-section configuration 
detection means, and the direction of incidence of said supersonic wave. 

[001 1] Moreover, the circulatory organ information instrumentation system concerning this invention In 
order to extract the cross-section configurations of an acoustic emission means to emit a supersonic wave 
towards a blood vessel, an ultrasonic detection means to detect the supersonic wave reflected in the living 
body, and the tube wall of said blood vessel A binary-ized means to set up a suitable threshold according to 
the include angle which the direction of incidence of said supersonic wave and a blood vessel wall make, 
and to make binary the output signal from said ultrasonic detection means, It is characterized by providing 
an index calculation means to compute a circulatory organ index based on the information on the cross- 
section configuration of the blood vessel obtained from the information made binary by this binary-ized 
means. 

[0012] Moreover, in the circulatory organ information instrumentation system concerning this invention, 
said binary-ized means is characterized by having a threshold amendment means to amend said threshold by 
contraction or an escape of a blood vessel. Moreover, in the circulatory organ information instrumentation 
system concerning this invention, said binary-ized means is characterized by having a blood vessel right 
above detection means to detect right above [ of the core of a blood vessel ]. 

[0013] Moreover, in the circulatory organ information instrumentation system concerning this invention, 
said blood vessel right above detection means is characterized by having two or more pressure sensitive 
devices which contact in the condition of intersecting said blood vessel on the living body front face near 
right above [ of a blood vessel ], and the right above detection processing section which detects the right 
above section of said blood vessel from the pulse wave detected by this pressure sensitive device. Moreover, 
in the circulatory organ information instrumentation system concerning this invention, said two or more 
pressure sensitive devices are characterized by being arranged at two or more ultrasonic vibrators which 
constitute said ultrasonic detection means, and abbreviation parallel. 

[0014] Moreover, in the circulatory organ information instrumentation system concerning this invention, 
said acoustic emission means and said ultrasonic detection means are arranged to two or more [ on a blood 
vessel ], and it is characterized by providing further a pulse-wave-velocity measurement means to ask for 
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the velocity of propagation of a pulse wave from the phase contrast of change of the cross-section 
configuration of two or more blood vessel walls acquired by said two or more ultrasonic detection means. 
Moreover, in the circulatory organ information instrumentation system concerning this invention, said index 
calculation means is characterized by having a pulse wave measurement means to measure a pulse wave 
based on change of the cross section of the diameter of a blood vessel, or a blood vessel. 
[0015] moreover, the variation rate to which said index calculation means detects change of the cross 
section of the diameter of a blood vessel, or a blood vessel in the circulatory-organ information 
instrumentation system concerning this invention — a detection means, a pressure measurement means 
measure the pressure concerning the wall surface of a blood vessel, and said variation rate — the dynamic 
viscoelasticity of a blood vessel computes based on the result obtained from the detection means and said 
pressure measurement means — dynamic — description — it is characterized by to have a calculation means. 
[0016] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained to a detail with 
reference to an accompanying drawing. 

(1st operation gestalt) Drawing 1 is drawing having shown the configuration of the blood-pressure- 
measurement equipment as 1 st operation gestalt of the circulatory organ information instrumentation system 
of this invention. 

[0017] As shown in drawing 1 , the blood vessel tomogram collection section 1 consists of ultrasonic 
vibrators 4a and 4b for collecting the ultrasonic tomograms 3a and 3b for two points which the same blood 
vessel 2 approached. The collected tomograms 4a and 4b are transmitted to the blood vessel cross-section 
calculation section 5, and extract processing of the cross section of a blood vessel is performed. The cross 
section of the blood vessel computed in the blood vessel cross-section calculation section 5 is transmitted to 
the blood rate-of-flow calculation section 6 and the pulse- wave-velocity calculation section 7. The blood 
rate-of-flow calculation section 6 searches for the rate of flow of blood from the cross section and the 
distance for two points. The pulse-wave-velocity detecting element 7 asks for pulse wave velocity from the 
phase contrast of time amount change of the cross section for two points. The blood rate of flow and pulse 
wave velocity which were computed by the blood rate-of-flow calculation section 6 and the pulse-wave- 
velocity calculation section 7 are transmitted, and it is substituted for the following conversion types. 
[0018] 

P-P0=rhoC0v+(l/8) rhov2 ~ here, it is the mean velocity in P:blood pressure, the P0= lowest blood pressure 
(diastolic blood pressure), the specific gravity of rho:blood, the pulse wave velocity of a C0:escape final 
term, and the cross section of viblood vessel. The relative value on the basis of the lowest blood pressure is 
computed by the above-mentioned formula, and it is outputted to the blood-pressure change calculation 
section 8. On the other hand, the absolute value of the blood pressure at the time of [ a certain ] being 
measured by the standard pressure test section 9 is sent to the blood-pressure calculation section 10, and a 
blood-pressure value is continuously computed in the blood-pressure calculation section 1 0. 
[0019] The configuration of the blood vessel tomogram collection section is shown in drawing 2 . Ultrasonic 
vibrator group 4a consists of al to an(s), and ultrasonic vibrator group 4b is constituted from bl by the 
ultrasonic vibrator of n each (n is the natural number) of bn. Only distance L leaves ultrasonic vibrator 
group 4a and ultrasonic vibrator group 4b, and they are arranged at parallel. First, a supersonic wave is 
discharged towards an artery 2 from al of ultrasonic vibrator 4a, and the signal reflected with the artery wall 
etc. is detected by the same vibrator. Ultrasonic tomogram 3 a is obtained by continuing this the actuation of 
a series of from al to an. After artery tomogram 3a is obtained, artery tomogram 4b is obtained by 
performing actuation same with having obtained artery tomogram 3 a. 

[0020] In addition, although it explained that al, a2, an, and the ultrasonic vibrator per piece transmitted 
and received, and a tomogram was obtained since it was easy here, it is possible to obtain a tomogram by 
beamforming by two or more tremblers as well as the common ultrasonic diagnostic equipment using an 
array probe. Beamforming is controlling the phase in an array, or distribution of delay, and forming the 
ultrasonic beam of the target description. 

[0021] It is arbitrary as long as an artery tomogram is obtained about the approach of collecting artery 
tomograms. Moreover, with this operation gestalt, after the tomogram was obtained by ultrasonic vibrator 
group 4a, the tomogram was obtained by ultrasonic vibrator group 4b, but as long as a tomogram can be 
obtained, you may ask for a tomogram simultaneously and it is clear that conditions, such as collection 
sequence of a tomogram, the number of vibrator groups, and a configuration of a tomogram, are arbitrary. 
Moreover, unless it is contrary to the meaning of this invention also about conditions, such as the number, 
the method of arrangement, magnitude, and a frequency discharged, also about the ultrasonic vibrator which 
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constitutes an ultrasonic vibrator group, it is possible to set it as any value. 

[0022] The obtained tomograms 4a and 4b are transmitted to the blood vessel cross-section calculation 
section 5. Drawing 3 is drawing having shown the configuration of the blood vessel cross-section 
calculation section 5. The transmitted tomogram is stored in frame memories 11a and 1 lb. A blood vessel 
wall is extracted by making this image binary in the binary-ized processing section 12. When a supersonic 
wave is irradiated at a blood vessel, a strong echo takes place in the boundary part a blood vessel wall and 
inside a blood vessel. On the other hand, since the component is uniform, the inside of a blood vessel has 
little change of an acoustic impedance, and its reflected wave is weak. Therefore, a monochrome high 
gradation value is assigned, when assigning a monochrome low gradation value and imaging the weak thing 
of a reflected wave, the boundary part a blood vessel wall and inside a blood vessel becomes , and, in the 
inside of a blood vessel, gradation serves as a blackish image low that is, so that a reflected wave is strong. 
Processing (binary-ized processing) which makes the thing beyond it white, i.e., the highest gradation value, 
by making a certain gradation value into a threshold using this property, and makes the following [ it ] 
black, i.e., the minimum gradation value, is performed. Generally this binary-ized processing is used in the 
field of the image processing. 

[0023] By binary-ized processing, from the image as which the interior of a blood vessel was described 
black, it asks for the area inside a blood vessel, and the diameter of a blood vessel in the blood vessel 
configuration calculation section 13, and transmits to the blood rate-of-flow calculation section 6 and the 
pulse-wave- velocity calculation section 7. In addition, it can ask for time amount change of the cross-section 
configuration of a blood vessel by asking time amount progress continuously with the tomogram for a blood 
vessel. Like the graphic form shown as the continuous line of drawing 4 , it is the mean velocity v in a cross 
section [ in / in the blood rate-of-flow calculation section 6, the cross-sectional area (measurement data 
which changes with time amount progress) (t) Sa of the cross sections 14a and 14b of a blood vessel, and Sb 
(t) are calculated by the ultrasonic vibrator groups 4a and 4b, and / the A point from the data, and a B point ] 
[0024] 
[Equation 1] 

Sb(t) - Sa(Q 
V S b ( t ) . s a(t) 

[0025] Here, it asks for L with the distance between an A point and a B point. In addition, "-" on a notation 
shows time amount differential. Here, it explains that a top type is effective. By the flow in the inside of an 
artery, the radial velocity gradient and radial pressure gradient of a blood vessel ignore, and do not interfere. 
In this case, what is necessary is to consider only the mean velocity of the direction of a tube axis as flow. 
However, change of the cross section (therefore, radius) of a blood vessel is taken into consideration. Such a 
model is called semi- 1 dimensional model. 

[0026] The system of coordinates of semi- 1 dimensional model are shown in drawing 5 . Let the tube axis 
of a blood vessel be a x axis here. Moreover, the cross section of a blood vessel is set to S (x t). Let the 
locations of the above-mentioned point of measurement (two cross sections) be x=xl and x=x2 (xl<x2). 
Therefore, X2 is the downstream. Moreover, x= 0 considers the ejection section of the heart (however, good 
also as a point of other arbitration). Semi- one dimension flows and it is equation-of-continuity **S/**t+** 
(vS)/**x=0 then. (1) 

**********. (1) **( v S)/**x--**S/**t (2) [ from a formula ] 

It becomes. (2) It is [0027] when the section [x, ^infinity] is integrated with a formula about x. 
[Equation 2] 

Cimv(x.t)-0 <Y +53 b a*tfl±v*±+*>J^V^fc*« 

x— oo 

[0028] Come out, and it is and is [0029]. 
[Equation 3] 
ftim s (x, t) 

[0030] ** - [0031] since it is a limited value 
[Equation 4] 
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[0032] It becomes. Flow Q (x t) is the definition of v and S. Q(x t) =v(x t) S (x t) (4) 
It comes out, since it is, (3) types are substituted, and it is [0033]. 
[Equation 5] 

Q<*.Hx-§T dx (5) 

[0034] It becomes. (5) Flow Q [ in / from a formula / x=xl ] (xl, t) is [0035]. 
[Equation 6] 

(**.«>- j;fa* 



-12 <6) 



[0036] It becomes. Since the heart carries out pulsation once by the flow considered now and it can be 
regarded as a single wave in the period to the next pulsation supposing the time amount which wants to 
measure T as time amount shorter than the period of pulsation is the section [0, T], it is x2<=x<infinity. In 0 
<=t<=T, since the pulse wave has not reached, S does not carry out time amount change, but S is the 
function of only x. Therefore, the 2nd term of (5) types is [0037]. 
[Equation 7] 

r|f dx =o (?) 

J Xi3t 

[0038] It becomes. Therefore, [0039] 
[Equation 8] 

[0040] It becomes. Since spacing of the section [xl, x2] is sufficiently small and S is a monotonous 
increment or monotonous reduction about x in the section [xl, x2] S(x t) =(x+a)f (t) (9) 
Here, a can carry out straight-line approximation with a constant. Therefore, [0041] 
[Equation 9] 

ff=(x + a)f(t) (10) 

[0042] It becomes. (10) Substitute a formula for (8) types and it is [0043]. 
[Equation 10] 

Q(x,,t)=i(t)j**(x+a)dx 

-f<0 tT x2+ax] x 2 , 

= f(0 (x 2 -x,) l-i-^ + x^+ai (11) 
[0044] It becomes. (4) From a formula, it is v(xl, t) =Q(xl, t)/S (xl, t). 

It comes out, since it is, (9) types and (11) types are substituted for this formula, and it is [0045]. 
[Equation 11] 

f(0 (x J -x 1 )i(x, + x 2 +2a) 

*<"•'>= (^Jf« (,2) 

[0046] It becomes. Since x2-xl is small enough compared with xl and x2 xl+x2+2a**2 (xl+a) (13) 
Since it can approximate, (12) types are [0047]. 
[Equation 12] 

http : //www4 . ipdl . ncipi . go . j p/cgi-bin/tran_web_cgi_ej j e 1/23/2006 



JP,1 1-076233.A [DETAILED DESCRIPTION] 



Page 6 of 9 



v(x,.t) = ^||(x 2 -x 1 ) (14) 

[0048] It becomes. 
L=x2-xl (15) 

Since come out and it is, (14) types are [0049]. 
[Equation 13] 

v(x,..,-4|| L <««> 

[0050] It becomes. (9) Formula S(xl, t) =(xl+a) f (t) (17) 
S(x2,t)=(x2+a)f(t)(18) 

It comes out. If the difference of a top type is taken S(x2, t)-S(xl , t) =f (t) L (19) 
moreover - S(xl, t) = -- Sa (t) (20) 
S(x2,t)=Sb(t) (21) 

It comes out, and since it is, (20) types and (21) types are substituted for (19) types. Sb(t)-Sa(t) =f (t) L (22) 
It becomes. (22) Carry out both-sides differential of the formula, and it is [0051]. 
[Equation 14] 

s b(t) . ^^(DL (23) 

[0052] It becomes. (22) (16) types are [0053] from a formula and (23) types. 
[Equation 15] 

v (*,.«)= ° t(<) -' ,(t) L (24) 
s b(t) - s a ( t ) 

[0054] It becomes. (24) The mean velocity in x=xl was called for by the formula. Moreover, the flow Q (xl, 
t) in x=xl is [0055] from (4) types. 
[Equation 16] 

s b (t) - s a (t) . 



Q(x„t)- s a (t) 



MO - s a(0 



[0056] It comes out. As amelioration which may have taken a configuration like dotted lines 15a and 15b in 
the actual blood vessel as shown in drawing 4 , and reduces the error by straight-line approximation 
Although amelioration of integrating the approach of shortening distance between 2 cross sections or the 
method of acquiring an exact value by making an ultrasonic vibrator into a matrix array, and the curve that 
agrees well, actual curve, i.e., dotted line, by assuming a side-face part happens to think easily It is clear that 
these [ all ] it is the range of this invention. 

[0057] With time lag (phase contrast) tau of time amount change of the cross section produced in an A point 
and a B point in the pulse-wave- velocity calculation section 7 It asks for pulse wave velocity CO as C0= 
L/tau by breaking the distance between an A point and a B point. The rate of flow and pulse wave velocity 
which were transmitted to theoretical formula P-P0=rhoC0v+(l/8) rhov2 are substituted for the blood- 
pressure change calculation section 8. This formula is indicated by (Sugawara [ Motoaki ] and Yasuhisa 
Sakurai: "the nonlinear theory of the pulse wave in an artery", a medical electron and bionics, 1 1 volumes, 
No. 3, 180-189, and 1973). 

[0058] It is possible to compute blood pressure for the blood-pressure value of the tense timed by the 
standard pressure test section 9 continuously in the blood-pressure calculation section 10 to origin by the 
above processing. There is the approach of setting up beforehand in quest of the lowest blood pressure as an 
example with a cuff type automated sphygmomanometer (one-point measurement which measures the blood 
pressure within a certain time amount once) etc. in measurement of this standard pressure. Moreover, 
standard pressure can be set up if the pressure value and the blood-pressure change calculation section 
output at the time not only in the lowest blood pressure but the same time of day are obtained. 
[0059] The computed blood-pressure value becomes possible [ outputting to displays, such as a liquid 
crystal display monitor which displays a value, the storage for record, a printer, etc. suitably if needed for a 
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user ]. in addition, the input signal outputted from ultrasonic vibrators 4a and 4b although it explained that it 
was made binary by the above-mentioned explanation after changing into a picture signal the signal with 
which ultrasonic vibrators 4a and 4b received the supersonic wave reflected in the living body — a logarithm 
— the signal amplified and detected may be made binary. 

[0060] (2nd operation gestalt) Although the blood vessel cross-section calculation section 5 was made 
binary with the threshold of a certain immobilization and the blood vessel was extracted as a binary image 
with the 1 st operation gestalt, about calculation of the blood vessel cross section, it does not restrict to this 
approach. Drawing 6 shows the relation of the wall surface 16 of an ultrasonic signal and a blood vessel. As 
shown in this drawing, in order to carry out incidence of the supersonic wave emitted from the Cm position 
ultrasonic vibrator in right above [ of the core of a blood vessel ] vertically to the tangent of a blood vessel 
wall, its reflected wave detected with the same vibrator Cm is large. However, since the supersonic wave 
emitted from vibrator carries out incidence aslant to the tangent of a blood vessel wall when it separates 
from right above, the reflected wave detected will become weak compared with Cm. In addition, in 
performing beamforming by two or more tremblers, when the medial axis of an ultrasonic beam is close to 
the core of a blood vessel, a reflected wave is large, and a reflected wave becomes small, so that it separates 
from the core of a blood vessel. 

[0061] The reinforcement of the reflected wave in the Cm position ultrasonic vibrator in right above [ of the 
core of a blood vessel ] presupposes that it is the configuration shown by drawin g 6 (b). The parts 
corresponding to a blood vessel wall are Ya and Yb, and suppose that the part of Yk is a noise. In this case, 
in order to extract a blood vessel wall well, it is desirable for it to be higher than the peak of a noise and to 
set a threshold as about [ lower than the peak of a blood vessel wall ] alpha2. 

[0062] However, at drawing 6 (c), since there is no ultrasonic vibrator in right above [ of the core of a blood 
vessel ], when the reinforcement of the reflected wave of the part of a blood vessel wall is weak, and does 
not reach the above-mentioned threshold alpha 2, but the problem that a threshold must be a value between 
alpha 1 and alpha 3 arises and there is a noise, by binary-ization using the threshold of immobilization, a 
blood vessel wall may be unable to be described well. As an approach of solving this problem, how to 
change a threshold according to the incident angle over the tangent of the blood vessel wall of a supersonic 
wave is shown in this operation gestalt. 

[0063] Drawing 7 is drawing showing the outline configuration of the blood vessel cross-section calculation 
section in this operation gestalt. The blood vessel right above detecting element 18 detects which component 
is coming to right above [ of a blood vessel ]. The configuration of a blood vessel right above detecting 
element is shown in drawing 8 . The image obtained by ultrasonic vibrator group 3c of drawing 6 projects 
on the monitor 21 for a display. The marker 22 indicating on which part on a screen the image obtained 
from the vibrator the core of ultrasonic vibrator group 3 c or near the is displayed is displayed on the 
monitor, and an operator moves a probe so that the core of a blood vessel figure may be in agreement with 
this marker 22. Measurement will be started, if an operator pushes a detection termination confirmation 
button after blood vessel figure 23a [ core ] shifted finishes adjusting the location of a probe so that it may 
come to the location of blood vessel figure 23b which is in agreement with a main marker. It calculates 
whether the conversion section 19 is data with which the data called from the frame memory 17 were 
obtained from which trembler of an ultrasonic vibrator group from the address of a frame memory 17, and it 
is transmitted to the threshold change binary-ized section 20. With the data outputted from the above- 
mentioned conversion section, the threshold change binary-ized section 20 changes a threshold, and makes it 
binary. 

[0064] The threshold set up by the threshold change binary-ized section 20 is not necessarily decided only 
according to the incident angle of the ultrasonic signal over a blood vessel wall. Actually, it changes with a 
Measuring condition, test subjects, etc. Therefore, it is not contrary to the meaning of this invention to give 
the suitable correction term for threshold change. It is possible to search for vascular vascularity etc. from 
the cross section S of the extracted blood vessel wall to a blood vessel, the blood vessel inradius r, or its 
time amount change. 

[0065] How to ask for the pulse wave velocity made into the index of arteriosclerosis is shown reflecting the 
Young's modulus of a blood vessel wall. Drawing 9 is drawing explaining the block diagram at the time of 
asking for pulse wave velocity (a) and wave (b obtained). Only distance L is detached and an ultrasonic 
vibrator group is arranged on an artery. By the above-mentioned technique of this operation gestalt, it asks 
for the cross section from the tomogram obtained from each ultrasonic vibrator group. The acquired wave 
turns into a wave reflecting pulsation, as shown in drawing 9 (b). If the time lag (phase contrast) of cross- 
section change seen by two tomograms 3 a and 3b is set to tau, it can ask for pulse wave velocity C by 
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C=L/tau. Usually, although pulse wave velocity is called for according to the time difference of a carotid 
pulse and the crotch arterial wave, whenever [ hardening / of all the blood vessels that exist between a 
carotid artery and a crotch artery ] is reflected. Therefore, this approach enables it to measure local pulse 
wave velocity, and a more detailed diagnosis of pinpointing of the part to which progress of arteriosclerosis 
went etc. is attained. 

[0066] Moreover, it can ask for the pulse rate RR converted into per minute by conversion formula called 
RR=60 / tau 1 from the period tau 1 of change of the cross section of tomogram 3 a of drawing 9 (b). 
Furthermore, it is possible to ask for a blood stream or the mean velocity in a cross section from two 
tomograms 3a and 3b. The 1st operation gestalt already described the approach of asking for these. 
Moreover, if a blood-pressure measurement technique is combined, it will become possible to ask for the 
elastic modulus of a blood vessel still more directly, and effective measurement will be attained when 
evaluating whenever [ arteriosclerosis ]. As an index of arteriosclerosis, the pressure elastic modulus Ep is 
Ep=deltaP/(deltar/r). 

It comes out and defines. Although it is asking for the pressure and the diameter of a blood vessel by the 
catheter which inserts this index into a blood vessel by JP,4-329938,A, if the approach indicated by this 
operation gestalt is used, it is measurable to non-invasion. Although it is thought possible to acquire the 
information on various circulatory organs from time amount change of cross-section configurations of the 
extracted blood vessel wall, such as thickness of a blood vessel wall and a pulsating rate of a blood vessel 
wall, besides the above-mentioned pulse, pulse wave velocity, and a pressure elastic modulus, it is clear that 
these [ all ] they are the criteria of this invention. 

[0067] (3rd operation gestalt) In the 2nd operation gestalt, although how an operator performs manually 
right above detection which detects right above [ of the core of a blood vessel ] was shown, it is also 
possible to specify right above [ of a blood vessel ] by approaches other than this. This operation gestalt 
shows the approach of right above detection of having used the pressure sensitive device. Drawing 10 is 
drawing showing the outline configuration of the pressure-sensitive elements for searching for the core of a 
blood vessel 2. A pressure value gets across to the pressure-sensitive elements 31 by pressing a blood vessel 
and making it deform evenly by pushing in the pressure-sensitive elements 3 1 in the press sections, such as 
a cuff, as shown in drawing. Let the part which shows the max of the transmitted pressure be right above 
[ of a blood vessel ]. 

[0068] Although the part which takes the maximum of the transmitted pressure here was made into right 
above, since this changes with locations of a compression method, pressure reinforcement, and a blood 
vessel etc., it is arbitrary to improve [ a condition / approach / of showing decision right above ]. Drawing 
11 is drawing showing an example of the configuration of the above-mentioned right above detection 
means. Ultrasonic vibrator group 4e and the pressure-sensitive elements 31 are arranged to parallel. First, 
before measuring a blood vessel figure, the pressure-sensitive elements 3 1 are forced on a living body by the 
moderate pressure, and it judges whether the pressure component of pressure- sensitive elements 31 throat is 
in right above [ of a blood vessel ] based on a pressure wave form. The judgment of the right above of this 
compares the pressure wave form of each pressure component which carries out time amount change by 
pulsation of a blood vessel, and makes right above the pressure sensitive device which becomes the largest. 
The ultrasonic vibrator close to the pressure sensitive device it was presupposed that it was right above is 
judged to be an ultrasonic vibrator right above. After detection right above is completed, it is also possible to 
loosen pressure in order to avoid **** of a blood vessel. 

[0069] In the 2nd operation gestalt, although a threshold is changed according to the incident angle of a 
supersonic wave, this will not necessarily be limited, if a threshold is determined by only the incident angle 
(with for example, proportionality with the sine of an incident angle), it be also possible linear and to take 
the approach of change a threshold by the wave of arbitration , such as a curvilinear target , as calculate an 
incident angle set up the image part which consist of an ultrasonic signal received with the ultrasonic 
vibrator of the right above of a blood vessel with zero incident angle and it separate from the vibrator on the 
basis of this serially to the image of the supersonic wave acquire from each vibrator , in [ of a device ] be 
constitutionally complicated and difficult . That is, it is also within the limits of this invention to use the 
simple method of using only the information on 1 or several incident angles. 

[0070] Drawing 12 is drawing having shown the example of setting out of a threshold. In drawing 12 (a), the 
threshold of a blood vessel part right above was set to beta 1 , the threshold was changed in the shape of a 
straight line, and the threshold is set up so that the threshold which separated only ra from right above may 
be set to beta 2. However, when there is pulsation also in the same blood vessel, in diastole and a 
contraction stage, it is appropriate to change the threshold which should be set up. Therefore, in drawing 12 
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(b), as 34b shows, when having contracted like [ as 34a shows, when the blood vessel is being extended ] a 
continuous line, the approach of changing a threshold according to pulsation like a dotted line is taken. 
Escape, escape [ which gets to know a contraction stage ] / contraction detecting element is prepared from 
data, such as an electrocardiogram and a heartbeat, and, specifically, how to change a threshold with the 
data can be considered. 

[0071] In addition, while change a threshold the shape of a straight line, and in the shape of a curve 
according to an incident angle as mentioned above, and it enables it to move the whole change curve of the 
threshold of the shape of this shape of a straight line, and a curve up and down to parallel by volume etc. and 
an operator looks at the binary-ized image of the blood vessel cross section on a screen, you may make it 
adjust volume so that a blood vessel wall may look the clearest. 

[0072] As shown in the above operation gestalt, by setting up a suitable threshold according to the condition 
of a blood vessel, the blood vessel wall of an artery is extracted and it becomes possible from the image of a 
blood vessel wall to measure various circulation information. In addition, it is arbitrary to use the equipment 
by this invention as some other equipments, unless it is contrary to the meaning of this invention. For 
example, it is clear that output [ the numeric value which showed the blood vessel wall which the equipment 
by this invention was interlocked with the ultrasonic diagnostic equipment, and was extracted repeatedly to 
echogram the monitor table, or was acquired / to the screen or form of a monitor ] it is the range of this 
invention. 
[0073] 

[Effect of the Invention] As explained above, according to this invention, it can be with the theoretical 
formula in consideration of a motion of the tube wall by pulsation of a blood vessel wall, and blood pressure 
can be measured to continuous and non-invasion. Moreover, non-invasion can be provided with the 
circulatory organ information instrumentation system which can measure circulatory organ indexes, such as 
a blood vessel and a blood-flow condition, by using the configuration which can extract a blood vessel wall 
part from an ultrasonic tomogram. 

[Translation done.] 
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